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Abstract
This paper analyzes the efficiency of context-based teaching in the realization of the program content: "TheDecline of Pollinators." The aim of context-based biology teaching is to connect biology contents with everydaylife. The application of knowledge in everyday situations is encouraged so as to develop the skills that deepenone’s knowledge and make it less abstract.The task of the experimental study was to evaluate the effectiveness of the application of context-basedteaching vs. conventional expository teaching in the implementation of the teaching content. In order to ac-complish the tasks of this paper, a model of a pedagogical experiment with parallel groups [experimental (E)and control (C)] was applied. The teaching content „The Decline of Pollinators" was presented to Group E byusing a text based on newspaper articles and the real-life context provided by those articles. In Group C, thesame content was presented through conventional expository instruction, which is the traditional lecturingmodel. The results showed a statistically significant difference between the experimental and control groups inthe number of points scored in the post-test evaluation of knowledge. The difference was observed based onindividual ranks and a test as a whole, in favour of the experimental group. In terms of the quantity and qualityof knowledge acquired by the students in the tested teaching field, the experimental didactic model of context-based teaching proved to be more effective.
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Introduction    
Science education research has shown that the learning of science is a hard task formost students. The abstract nature of science makes learning scientific concepts difficultfor most students. Furthermore, the emphasis on theory and the lack of context, i.e. failureto connect science with everyday life and society, makes teaching science unpopular anddifficult to understand (Tsaparlis et al., 2013).The major goals of science education are to develop students’ scientific literacy andtheir higher order thinking skills (Avargil et al., 2011), skills for lifelong education and com-munication (Seddon, 2008). According to Bennet (2005), scientific literacy includes knowl-edge, understanding and skills that young people need to develop, in order to think andact appropriately on scientific matters, which may affect their lives and the lives of othermembers of the local, national and global communities. However, at present, the mostcommon teaching practice is the classic lecture-based teaching. This model is charac-
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terized by the transmission of ready knowledge, where students are a passive factor oftheir own development (Stanisavljević, 2011) Studies have shown that teaching andlearning styles have been teacher-dominated and have not allowed students to developtheir own ideas; as a result, there are no satisfactory results in education (Parchman &Luecken, 2010).
Context-based teaching
Today the biology curriculum is quite isolated from everyday life. That is the reason whythe teaching of biology is uninteresting and difficult for students. It is necessary to connectteaching and daily life to a larger degree (Chamany et al, 2008). Learning scientific facts,concepts and natural phenomena in school should not be separated from the context inwhich they appear (Holbrook, 2014). Teaching should be based on the students' previousknowledge, and the connection between the experience of students and biological con-cepts can help students better understand biological concepts (Lu et al., 2010). The keyto successful learning is to link the knowledge gained to something that is meaningful tostudents (Kukliansky & Eshach, 2013). According to De Jong (2006), one of the effortsto overcome the isolation of the current curriculum is the use of a meaningful context forteaching and learning chemistry. Contexts were adopted to encourage a more positiveattitude and a better understanding of chemistry (De Jong, 2006).Context-based teaching should enable the achievement of the major goals of scienceeducation, connecting science to everyday life (Avargil et al., 2011) and learning scientificconcepts and processes through dealing with real-world problems (Avargil et al., 2011;Wieringa et al., 2011). This didactic model makes teaching science meaningful for stu-dents (Pilot & Bulte, 2006) and contributes to overcoming deficiencies in education (Ültay& Calik, 2012). Furthermore, this model shows students how to use the skills acquired inthe course of their education in practice (Seddon, 2008), and encourages student en-gagement in the classroom (Ültay & Calik, 2012). Context-based teaching changes theroles of students and teachers, placing student activity at the centre of the teachingprocess (Vos et al., 2010b).Context can be defined in several ways. Very often, context is described as stories,topics, practice, problem and situation (Bennet et al., 2005; Pilot & Bulte, 2006; Wieringa,et al., 2011). According to one definition, contexts are described as situations that helpstudents give meaning to concepts, rules and laws. This definition can be expanded bythe notion that context can also be described as practices that help students to givemeaning to activities in the school laboratory (De Jong, 2006).According to De Jong (2006), context should be more precisely defined. De Jongmakes a distinction between the following four domains of the origin of context, namelythe personal domain, the social and society domain, the professional practice domain,and the scientific and technological domain. Every domain is important because schoolsshould contribute to the personal development of students by connecting science withtheir personal lives; prepare students for their roles of responsible citizens, by clarifyingscience and its role in social issues; contribute to preparing students for their role as pro-fessional workers in public or private areas; contribute to developing the scientific literacyof students (De Jong, 2006).According to Bennet, context-based teaching is an approach adopted in science teaching,where contexts and the application of science are used as the starting point for the developmentof scientific ideas. This is in contrast to more traditional approaches, in which scientific ideas arecovered first, before looking at their application (Bennet, 2005; Bennet et al. 2006; Тaber, 2011).
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Context-based approaches to the teaching of science have their origins in the early1980s (Bennett & Lubben, 2007). A number of studies have been conducted so far, ex-amining the effect of this model in chemistry (Vos et al., 2010b; Pilot & Bulte, 2006),physics (Kukliansky & Eshach, 2013; Kuhn & Muller, 2014; Lye et al, 2001), medicine(Guo et al., 2013) and biology (Weber, 2010; Chamany et al, 2008). When students learnabout a topic, they usually wonder “Why do I need to learn this?” (Ültay et Çalik, 2012),"Will I ever use this?". Answers are becoming apparent with a contextual approach toteaching; students understand how and why to use their knowledge and skills (Taasoob-shirazi & Carr, 2008). This approach, on the one hand, shows students the importanceof science and on the other- demonstrate the application of scientific concepts and meth-ods (Perchmann & Lueck, 2010; Blute & Pilot, 2006). Learning scientific terms in the con-text of real life enables students to connect with the concept in question and to apply it(Taasoobshirazi & Carr, 2008, Perchman & Lueck, 2010) and enables a deep approachto learning. On the other hand, the emphasis on scientific facts without connecting themto everyday problems encourages a superficial approach to learning and learning byheart (Seddon, 2008). Students become aware of the connection between science andeveryday life (Ültay & Calik, 2012), achieving motivation for work.The tasks of context-based teaching are to provide a better understanding of theteaching (programme) content, which is the starting point for meaningful learning(Wieringa, et al., 2011). This is expected to improve students’ motivation, develop a senseof curiosity about nature (Ultay & Calik, 2012), develop students’ positive attitudes to-wards science and the scientific view of the world (Bennett et al., 2006; Wieringa, et al.,2011), and provide easier learning (Bennet et al., 2006; Pilot & Bult, 2007).The teacher's role is to encourage students to connect concepts with everyday activities(Lye et al., 2010). The application of this model in teaching is a major challenge for teachers(Avargil et al., 2011) and the training of teachers is necessary (Parchmann & Lueck, 2010;Pilot & Bult, 2007). In context-based teaching it is possible to use a wider range of teachingstrategies, unlike in the traditional methods of teaching; for example, working with smallgroups, discussions, drama, student presentations (Bennet et al., 2007).Benet thinks that making science issues relevant to students, their families and theirpeers, as opposed to the wide-spread perception of science as being dry and irrelevant,will increase the motivation for learning. Using context as the starting point in designingplans, programs and lesson units is a good way to avoid overload and makes a repre-sentative curriculum (Bennett et al., 2007).The use of context-based teaching might mean, for example, that students study med-ical diagnostic techniques in order to develop their understanding of electromagnetic ra-diation and atomic structure in chemistry lessons (Bennet, 2005). Students can play therole of pilots to learn topics of mechanics, such as gravity and air circulation (Taasoob-Shirazi & Carr, 2008).According to De Jong, context-based teaching should be viewed from different per-spectives. From students’ perspective it is important to select an adequate context. Thecontext must be known and relevant for students (Vos et al., 2010a), should not distractattention from the concept or be complicated and confusing for students. From the per-spective of the curriculum, it is important to ensure the dominating position of context ineducation, while still paying attention to concepts (De Jong, 2006).In a broad sense of the word, context-based teaching is defined as using conceptsand process skills that are relevant to students in a real-life context. Beginning, embed-ding and connecting teaching contents with an interesting story are good ways of relating
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it to the context of real-life. A particular form of this is a story from newspaper articles(Taber, 2011; Кuhn & Müller, 2014). Newspaper articles should be used in teaching be-cause, on the one hand, they create real-life contexts, and on the other, journalists areexperts for writing interesting and good stories (Kuhn & Müller, 2014). Grant et al. statethat in the selection of articles, it is important to consider some characteristics of suc-cessful teaching. Attention must be paid to the value of the perspectives that the authorwants to show. The article should contain the optimum amount of information, both pos-itive and negative arguments, in order to develop quality student attitudes. In addition, itis important to look for stories that are appropriate for the age of the students and easyto connect with science (Grant et al., 2009).
Decline of pollinators
There is a large number of biology topics discussed in the media (Grant et al., 2009). Itis possible to find a wide variety of articles if we want to use them in biology teaching.Today many discussions can be found about the decline of pollinators. There is clear ev-idence that the number of cultivated and wild pollinators decreases, thus reducing thenumber of plants that depend on them. The decline was caused by the intensification ofagriculture, which reduces the wealth of plant habitats. This is associated with the frag-mentation of habitats, causing the loss of places for nesting, pathogens and the lethalconsequences of insecticides and pesticides (Holland et al., 2015), as well as invasivespecies and climate changes (Potts et al., 2010; Willmer, 2012).The decline of pollinators can lead to a loss of pollination services which would havemajor negative environmental and economic consequences, potentially significantly af-fecting the maintenance of the diversity of wild plants, the stability of ecosystems, cropproduction, food security, human existence (Potts et al., 2010). Pollinators, especiallybees, are needed to pollinate 75% of crops used in human nutrition (Klein, 2007). Al-though some of the most cultivated crops (wheat and rice) are wind pollinated, a largenumber of fruits (apple, melon, cherry...) are threatened due to the decline of pollinators.80% of wild plants are directly dependent on pollinators (Potts et al. 2010).These biological problems are complicated for students and require extensive knowl-edge; furthermore, it is important to point out the alarming situation in the world to students.Based on the analysis of studies that show the benefits of context-based teaching, thereemerged the idea of applying this method of teaching in the realization of the mentionedcontent. The aim is to develop logical thinking and reasoning; therefore, the teaching con-tent should be presented in such a way so as to serve as an incentive to students, and tocreate a strong emotional experience that will help students remember not only the contentitself, but also the attitude towards it, and, finally, to develop environmental awareness. Inthis study, the context of everyday life is provided by newspaper articles, i.e. stories aboutthe disappearance of pollinators, which indicate the alarming situation in the world.
Methods
The main task of this research is to experimentally verify the effectiveness of context-based teaching in accomplishing the content “The Decline of Pollinators”, as well as theeffects on students’ motivation and interest.The basic null hypothesis is that there is no statistically significant difference in ac-complishing the teaching goals (resulting in students acquiring knowledge) between theexperimental and control groups, after introducing the experimental factor (context-based
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teaching) to the experimental group.The alternative hypothesis is that there is a statistically significant difference in ac-quired knowledge between the experimental and control groups, after introducing the ex-perimental factor to the experimental group. It is expected that the difference in the qualityand quantity of the knowledge acquired between the experimental and control groupswill favour the experimental group. The study included the total of 65 eighth grade students from “Dvadeseti oktobar” el-ementary school, Belgrade. To achieve the aims of this research, a model of a pedagog-ical experiment with parallel groups [experimental (E) and control (C)] was applied(Appendix 1). Students were grouped into Group E and Group C (Killermann, 1998). Before the in-troduction of the experimental factor, the groups were made uniform concerning the num-ber of students, gender and the pre-test of knowledge.The pre-test of knowledge measured the general knowledge of pollination and pollinators.It was composed of nine tasks in total, which were classified into three broad cate-gories of the cognitive domain, according to Bloom's taxonomy. Bloom's cognitive domaincategories include six levels of knowledge: knowledge, comprehension, application,analysis, evaluation and creation (Anderson & Krathwohl, 2001). The levels of cognitivedomains were grouped into three ranks: knowledge and understanding of concepts (RankI), application and analysis (Rank II), evaluation and creation of knowledge (Rank III).The tasks included all contents about pollination and pollinators. The maximum pointsthat a student could score in the pre-test was one hundred. After equalizing Groups Eand C, Group E began covering the prepared contents by applying context-based teach-ing, while Group C did the same on the basis of the traditional model of instruction.The students in Group C were exposed to the traditional teaching approach in present-ing the teaching contents “The Decline of Pollinators”. The teacher presented the contentthrough the following teaching methods: oral presentation, illustrations and demonstrations(during the entire instructional period). The teacher did not ask any questions about thecontent. There was no discussion. The only activities for this group of students were lis-tening to what the teacher was saying and watching what the teacher was showing.The realization of context-based teaching in Group E was divided into three phases.The teacher introduced the students to the topic, along with illustrations and a PowerPointpresentation (the topic: “The Decline of Pollinators”). Then, the teacher shared newspaperarticles that the students were required to read, as well as the questions that they wereexpected to answer (some examples are included in Appendix 2 and Appendix 3). News-paper articles were supposed to present scientific facts to the students. The studentswere to recognize the importance of the issue, the alarming problems related to it, andto propose solutions. Finally, they presented their answers, analyzed the problem andcame to conclusions.To evaluate the knowledge acquired by students in Groups E and C, a post-test wasapplied. It measured the quantity and quality of the knowledge that the students acquiredin the teaching field (The Decline of Pollinators). The post-test consisted of nine tasks intotal (divided into three categories, as was the case with the pre-test).Data and result analyses were performed using the standard statistical methods/tablesof descriptive statistics (sum, percentage frequency, mean, standard deviation, the coef-ficient of variation and a Student’s t-test (Student, 1908) for testing differences betweenthe statistics of the same kind). All these analyses were conducted using the statisticalsoftware package Statistica 6 (StatSoft, 2001).
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Results
The results of the pre-test are presented in Tables 1, 2 and 3.Based on the results presented for the pre-test for Groups E and C, we can conclude,using a Student’s t-test for a significant level of p=0.05 and a critical value of t=1.96, thatthere is no statistically significant difference in the achieved number of points betweenGroups E and C in the three levels of tasks and in the test as a whole.(Rank I: t= 0,14<1,96; Rank II: t=0,9<1,96; Rank III: t=0,62<1,96, Total: t=0,5<1,96).These two groups were balanced in terms of their general knowledge of pollinators andpollination before the introduction of the experimental factor.The results of the post-test are presented in Tables 4, 5 and 6. On the basis of the results presented for the post-test of knowledge for Groups E andC (Table 4, 5, 6), we can conclude that there are statistically significant differences in thenumber of points achieved in all three levels of tasks and in the test as a whole, in favourof Group E (Rank I: t=2,71≥2,58; Rank II: t=2,8≥2,58; Rank III: t=3,22≥2,58; Total:t=2,81≥2,58). The obtained t-coefficient values are significantly higher than the criticalvalue (by all three ranks and as a whole). Context-based teaching proved to be more efficient in terms of the quantity and quality
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Table 1. The success of students for the pre-test (number of points, percentage of ranks andtotal).
Table 2. Basic statistical data for the pre-test ( - mean of the number of achieved points, S-standard deviation, V - coefficient of variation).
Table 3. Testing group uniformity in terms of the pre-test, using a t-test (for a significance level ofp≤0.05 and acritical value of t≥1.96).
of the knowledge acquired by the students in the tested teaching field. Particularly signif-icant are differences in Rank III test tasks (related to the evaluation and creation of knowl-edge).
Discussion
The above-listed results obtained through experimental assessment can relate and becompared to numerous studies which have shown the positive effects of context-basedteaching applied in natural sciences.Kuhn and Müller considered the effect which the teaching of science based on thecontext provided by newspaper articles, had on motivation. They showed that connectingteaching contents to a lay story contributed to understanding scientific terms. The moti-vation of students from Group E after the introduction of the experimental factor (contentsfrom newspaper articles) was significantly higher in comparison to the control group,which processed the same contents from a textbook; furthermore, there was a significantdifference in accomplishments in the final tests in favour of the favour group (Кuhn &
Context-Based Teaching in Realization of “Decline of Pollinators” Content 57
Table 4. The success of students for the post-test (number of points, percentage of ranks andtotal).
Table 5. Basic statistical indicators for the post-test ( - mean of the number of achieved points,standard deviation, V - coefficient of variation).
Table 6. Testing group uniformity in the post-test, using a t-test (for a significance level of p≤0.01and a critical value of t≥2.58).
Muller, 2014). Jarman and McClune (2010) came up with similar results; they carried outa comparative review of applying and using newspaper articles in teaching. By providingstudents with a context in which they can test and apply their theoretical knowledge, weinfluence their understanding and association of facts (Holbrook, 2014).Ramsden (1997) considered the effects of context-based teaching and traditionalteaching by comparing students’ answers. The study showed that there was a slight dif-ference in understanding the content in question, however; the approach based on con-text encouraged the students’ interests. The studies that have tested the application ofthis model of teaching have confirmed the conclusion that teaching in context engagesstudents more (Avargil et al., 2011) and encourages them to engage in certain activities,such as argumentation and discussion (Wieringa, et al., 2011). This type of teachingoffers students’ the possibility to present their ideas more freely (Avargil et al., 2011; Pilot& Bult, 2007). In her review paper, Bennet stated that activities in context-based teachingencouraged students to work independently, thus helping them increase their confidence(Bennet, 2005). These conclusions were confirmed by the analysis of 17 experimentalstudies (Bennet et al. 2007), whose results showed that this approach in teaching, incontrast to the traditional one, developed a positive attitude towards science and com-prehension. The influence of teaching chemistry based on context on the developmentof motivation and interest, was also demonstrated in the studies of Pilot and Bult (2006,2007); the evidence of this model`s application and influence gathered by 2012 wassummed up by Ültay & Çalik (2012).Similar results were presented by Seddon (2008). His study involved 72 subjects-second year students of a veterinary school. The students attending a genetics class ex-amined the influence of genes on the determination of coat colour of dogs. Their taskwas to find the genes responsible for the colour of fur and offer their customers an in-genious possibility to obtain certain colour combinations. A survey was conducted to ex-amine how the students’ understood the task and what their general attitude was. Theresults of the survey showed that the students were motivated to learn, and that role playhad helped them to apply theoretical knowledge in practice.Studies examining the effectiveness of this model, carried out in the context of teach-ing physics, showed similar results. Luy et al. (2010) pointed out that if particular infor-mation was linked to a context, the students remembered it easier and retained it longer,as compared to the information without meaning they had to remember. This was con-firmed by a comparative review of the strengths and limitations of this approach in teach-ing (Taasoobshirazi & Carr, 2008). In addition, in a study with parallel transmission groupsof 107 students, Kuklianski and Esah (2013) confirmed the significant learning achieve-ments of students who were exposed to this model of teaching.Various studies in the domain of biology show that it is the lessons that are associatedwith everyday life that students find interesting. Haman et al. (2010) examined the impactof context-based learning on the interest of students who were learning lessons aboutevolution. Weber proved that learning the contents of botany was more effective if theywere connected to the previous experience that students had acquired in everyday situ-ations (Weber, 2010). Studies also point to the possibility of teaching based on contextoutside the classroom, e.g. in the zoo (Camp & Sminia, 2010).Chamany et al. (2008) presented examples of how complex issues, such as sickle-cell anaemia, lac operon and energy, can be displayed in the context of everyday life, inorder to facilitate students’ understanding of these biological contents.As with any innovation, this innovative approach too depends on the efficacy of the
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teacher (Fullan, 2005); the teacher needs to conceive and carry out a lesson (Wieringa,et al., 2011). Studies indicate that in order to implement a lesson successfully, it is nec-essary to invest much time and effort, and to carry out well-thought preparation. (Taa-soobshirazi & Carr, 2008; Williams, 2008; Wieringa, et al., 2011). In their study Wieringaet al. (2011) present some examples of preparation for context-based teaching. However,teachers are not sufficiently trained for this approach. A large number of studies indicatethat the training of teachers in this area is necessary (Ültay and Çalik, 2012). Pershmannand Luecken (2008) gave the proposed structure of training programs for teachers to ap-proach the teaching of biology, chemistry and physics based on context. Comparing theirfindings with other studies, they came to the conclusion that the cooperation of teacherswas an important factor in the successful introduction of the innovation.The results of our study that we have presented above can be compared with the re-sults of other studies conducted in our region, examining the efficiency of application ofother didactic models in various biological disciplines.Stanisavljević and Djurić have conducted several experimental studies in which theyassessed the efficiency of applying the problem, exemplary and programme-based biol-ogy teaching: the application of problem-based teaching in an environmental programmecontent (topic: Marine Life Community) (Stanisavljević & Djurić, 2010); the application ofexemplary teaching in the realization of a botanical programme content (Stanisavljević& Đurić, 2011); and the implementation of programmed instruction in the realization of aphysiological programme content (Stanisavljević, 2011). Each of the studies shows thatthere is a statistically significant difference in the number of points scored between theexperimental and the control group in favour of the experimental group, after introducingexperimental factors in each study. The difference is evident in the test as a whole andin the individual ranks. Rank III contains an especially visible difference (problem teachingt= 3.00; exemplary teaching t= 3.407; t= programmed instruction 9, 29). Studies haveshown that these didactic models contribute to the quantity and quality of knowledgegained, and have a particular effect on the application of such knowledge.Comparing the results of our experimental testing (Rank III, t= 3.22> 2.58), it has beennoted that context-based teaching is equally efficient in the implementation of biologicalprogramme contents as the mentioned didactic models
Conclusion
After the introduction of the experimental factor (context-based teaching in the experi-mental group), the experimental group achieved better results in the post-test comparedto the control group. The statistically significant difference between the experimental andcontrol groups (in favour of the experimental group) is particularly evident in the Rank IIItasks (evaluation and creation of knowledge in a given teaching field).Thus, the null hypothesis that there is no statistically significant difference in the mas-tery of the teaching material between the students in the experimental and control groupscan be discarded. The alternative hypothesis- that there is a statistically significant dif-ference in the level of the attained knowledge in favour of the experimental group afterthe introduction of the experimental factor (context-based teaching) - can be accepted.Therefore, it can be concluded that the application of context-based teaching directlycontributed to the better quantity and quality of knowledge. In other words, the high qualityof the knowledge which the students acquired in the tested teaching field was especiallysignificant in the Rank II and III tasks (application and evaluation of knowledge).Through context-based teaching, students connect the given content with everyday
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life. They can understand this content better and apply the knowledge acquired. Further-more, they are able to assess the value of learning, and connect it with the previouslyacquired knowledge, in order to build their own system of knowledge. In this way, theybecome aware of the bigger picture, and of the value and application of the conceptslearned. After the analysis of the studies examining the efficacy of the application of context-based teaching, it was concluded that the application of this model with students encour-ages the internal need and desire to work. Context-based teaching demonstrated thatthe disappearance of pollinators was something which we faced in today’s world; itstressed to what extent modern man depended on pollination. Applying lessons learnedthrough connecting with everyday situations encourages the development of skills thatdeepen knowledge and make it more thorough and less abstract. The application of con-text-based teaching has the same effect as programme, problem and exemplary-basedteaching in terms of the quantity and quality of the knowledge acquired. This didacticmodel contributes to the development of thinking and the high quality and quantity of theknowledge gained.Future research is necessary to confirm the durability of the knowledge gained by are-test and to examine the resilience of this model in teaching different age groups. Fi-nally, teachers coming from different fields should be educated to apply this didacticmodel in teaching a particular content. 
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Appendix 2: Newspaper article used in context-based teaching
Appendix 3: The questions about newspaper article used in context-based teaching
